The thiosemicarbazide 3 was obtained from reaction between hydrazine 2 and heteroallene 1. The condensed triazotriazole derivative 5 was obtained from the reaction of compound 3 with diethyl malonate. The cyclization of thiourea unit of compound 3 by heteroallene 1 furnished triazine 8. Benzoylation of compound 3 using benzoyl chloride 9 formed triazole derivative 11. Reaction of compound 3 and maleic anhydride 12 gave furothiadiazine 13. cyclohexanopyrimidinthione 16 was obtained as a result of cyclocondensation of cyclohexanone 14 with compound 3. 
Introduction
Thiosemicarbazides possessing both electro-and nucleophilic reactivity can serve as versatile building blocks and have been extensively used in various carbon -carbons, carbon -heteroatom bond forming reactions using simple available laboratory reagents 
Results and discussion
The thiosemicarbazide 3 was obtained from the attack of nucleophilic nitrogen of hydrazine 2 to the electrophilic carbon of heteroallene function of compound 1 (Scheme 1).
The structure of thiosemicarbazide 3 was substantiated from its spectral and analytical data. Its IR spectrum displayed NH, C═O and C═S groups. Further support for the assigned structure was gained from its 1 H NMR spectrum that showed signals for NH, CH 3 , and CH 2 , also from mass spectrum showed a peak at m/z 294.34 (M + , 68.67%) cross-ponding to its molecular ion with a base peak at m/z 157.25 (100%). The condensed Triazolotriazole derivative 5 was obtained as the result of base mediated acylation of more acidic nitrogen using diethyl malonate 4 as acylating agent followed by intramolecular cyclodehydration and subsequent hydrolysis and decaroxylation of less stable ester group (Scheme 2).
The structure assigned to the condensed system 5 was agreement with analytical and spectral data, thus IR spectrum shows NH group at 3140 cm -1 as medium band, carbonyl absorption frequency was detected at υ1711 cm -1 as sharp strong band, C═C was located at 1581 cm -1 in addition to C═S at that showed frequency at 1235 cm 1 . 1 H NMR showed a deshielded signal at 11.73 ppm for NH function while olefinic proton was resonated at δ 6.7 ppm due to the electronic effect of C═O also the CH 2 CH 3 was detected at the expected δ and multiplicity. Mass spectrum showed a peak at m/z 342.39(M + , 6.08%) cross ponding to its molecular ion with a base peak at m/z 115.97(100%). The cyclization of thiourea unit of compound 3 was performed via the initial formation of bis compound 6 followed by intramolecular triazine cyclization via losing of ethanol (Scheme 3).
The triazine cyclization was potentiated by spectral data which revealed a medium sharp peak at 3188 cm -1 , C═O absorption frequency at 1724 cm -1 in addition to C═S band at 1252 cm -1 . The triazine structure was also proved by 1 H NMR that showed down field signals of SH; NH at δ 13.05 ppm and 11.72 ppm, the aliphatic CH 2 CH 3 was located at 4.2 ppm and 1.24 ppm as a quartet and triplet respectively. 13 C was also in an agreement with the assigned symmetric structure, thus signals at 171; 172 ppm was observed for SP 2 carbon of C═O and 153.4 ppm for SP 2 carbon of C═S while the SP 3 carbon showed absorption signals at 62.46 ppm, 14.06 ppm respectively. Benzoylation of thiosemicarbazide 3 using benzoyl chloride 9 resulted in triazole cyclization to furnish triazole derivative 11 via the initial acyclic compound 10 followed by heterocyclization, [hydrolysis and decarboxylation], subsequent dehydration (Scheme 4). The triazole skeleton 11 was proved from analytical and spectral data. Which show absorption frequency at 3385 cm -1 , 1635 cm -1 , 1602 cm -1 and 1338 cm -1 for NH, C═O, C═N and C═S functions respectively. Also, 1 HNMR showed abroad signal at 11.73 ppm for NH's, and the deshielded aromatic proton was appeared in region 8.3 -6.2 ppm together with the aliphatic protons that resonated up field region. A one pot three component reaction of compound 3 and maleic anhydride 12 resulted in Michael addition, intramolecular thiadiazine cyclization to produce furothiadiazine as afinal product 13 (Scheme 5).
The spectral data of furothiadiazine 13 showed absorption frequencies at 3142cm -1 , 1726cm -1 , 1712 cm-1 for NH and 2CO functions respectively. Also 1 H NMR potentiated the assigned structure 13, thus abroad signal was observed in deshielded region at 11.75 ppm for NH , S , and aliphatic protons for CH 2 CH 3 structure in addition to doublet of CH 2 at 2.8 ppm. 13 As depicted in scheme (6), cyclohexanopyrimidinthione 16 was obtained from cyclocondensation of two equivalent of cyclohexanone 14 with thiosemicarbazide 3, that form non isolable cyclic enamine 15 followed by the pyrimidine cyclization via the attack of cyclic enaminic nucleophilic carbon to the electrophilic ester carbonyl carbon.
The spectral data of the condensed skeleton 16 was in agreement with assigned structure, so IR spectrum showed OH, C═S frequency at υ 3180 cm -1 , υ 1227 cm -1 respectively. Also 1 H NMR potentiated of the structure, so OH signal was observed at δ 7.94 ppm in addition to cyclohexane protons that located in up field position. 13 1 HNMR spectrum of compound 19 revealed signals at 11.73 ppm for NH proton also the quartet and triplet for CH 3 CH 2 -structure was observed at 4.197 ppm and 1.24 ppm respectively. Mass spectrum showed a peak at m/z 408.48(M + , 6%) a corresponding to its molecular ion with a base peak at m/z 85.07(100%). Base induced alkylation of thiosemicarbazide derivative 3 using ethyl bromoacetate 20 followed by the attack of nucleophilic carbonion to the ester electrophilic carbonyl carbon finished the thiazole derivative 22 (Scheme 8).
The chemical structure of synthesized thiazole derivative 22 was elucidated by analysis of its spectroscopic data. In IR spectrum of compound 22 there are absorption bands at 3144 cm -1 and (1728-1710 cm-1 ) for NH and C═O respectively. Its 1 H NMR displayed a deshielded band at δ 11.73 ppm for NH ,S the ester group and methenyl protons were located at expected δ and multiplicity. Mass spectrum showed a peak at m/z 374.04 (M + , 51.76%) corresponding to its molecular ion with a base peak at m/z 291.12(100%).
[2+3] cyclocondensation of acetylacetone 23 and thiosemicarbazide derivative 3 provided pyrazole cyclization 25 via initial formation of enaminic system 24 followed by the attack of nucleophilic enaminic carbon to thioxo electrophilic carbon and subsequent loss of H 2 S (Scheme 9).
The pyrazole structure 25 was confirmed by spectroscopic analysis. IR spectrum showed NH stretching frequency at 3140 cm The structure of desired triazolotriazole 27 was elucidated from spectroscopic data. IR spectrum showed C═O, C═S frequency at 1710 cm -1 , 1226 cm -1 respectively. Also 1 H NMR showed quartet at δ 4.19 ppm for CH 2 CH 3 , singlet at δ 3.74ppm for -NCH 2 N-while CH 3 CH 2 was observed as triplet at δ 1.24 ppm. Mass spectrum showed a peak at m/z 318.37 (M + , 27.89%) corresponding to its molecular ion with a base peak at m/z 63.86(100%). Thiosemicarbazide 3 suffers intramolecular base mediated cyclization affording triazole derivative 28 (Scheme 11).
The title compound was proved by analytical and spectral data, thus IR spectrum showed vibrational stretching band at 3150 cm -1 , 1649 cm -1 and 1228 cm -1 for NH, C═O and C═S function. 1 H NMR revealed broad signal at δ 11.66 ppm for cyclic NH while exocyclic NH was observed at δ 7.94 ppm in addition to CH 2 CH 3 signals which observed at the expected δ and multiplicity. Mass spectrum showed a peak at m/z 260 (M + , 6.01%) corresponding to its molecular ion with a base peak at m/z 59.99(100%). Keeping thiosemicarbazide 3 and propinaldehyde 29 under reflux provided triazolotriazole 31 as showen in (scheme 12).
The structure of triazolotriazole 31 was elucidated from spectroscopic data. IR spectrum showed NH, C═S frequency at 3140 cm -1 , 1236 cm -1 respectively. Also 1 H NMR showed δ 11.73 ppm for NH, quartet at δ 4.20 ppm for CH 2 CH 3 , while CH 3 CH 2 was observed as a triplet at δ 1.24 ppm. Mass spectrum showed a peak at m/z 230.40(M + , 2.43%) corresponding to its molecular ion with a base peak at m/z 59.97(100%). Oxidative intramolecular cyclization of thiosemicarbazide 3 to oxadiazole 32 was achieved by the effect of iodine (scheme 13).
The structure of compound 32 was elucidated from spectroscopic data. IR spectrum showed NH, C═S frequency at 3140 cm -1 , 1230 cm -1 respectively. Also 1 H NMR showed δ 11.72 ppm for -CO-NH-CS-, δ 7.94 ppm for -CS-NH-N-and the CH 2 CH 3 was detected at the expected δ and multiplicity.
13 C was in an agreement with the assigned symmetric structure, thus signals at 170.83 ppm was observed for SP 2 carbon of C═O and 156.28 ppm, 153.81 ppm for SP 2 carbon of 2C═S while the SP 3 carbon showed absorption signals at 62.45 ppm, 14.29 ppm respectively. Cyclization of thiosemicarbazide derivative 3 to triazolthione 34 was achieved by acylation using succinic acid, cyclization, hydrolysis and subsequent dehydration (scheme 14). The spectral data of the triazolthione skeleton 34 was in agreement with assigned structure, so IR spectrum showed NH at 3138 cm -1 , 2C═O at 1726 cm -1 , 1710cm -1 and C═S at 1236 cm -1 . Also 1 H NMR potentiated of the structure, so COOH signal was observed at δ 12.19 ppm, NH at δ 11.8 ppm, quartet at δ 4.21 ppm for CH 2 CH 3 , while CH 3 CH 2 was observed as a triplet at δ 1.24.
Experimental
Melting points were measured using an Electro thermal IA 9100 apparatus with open capillary tube and are uncorrected. All experiments were carried out using drying solvents. Products were purified by crystallization. The IR spectra (KBr disc) were recorded on a PyeUnicam Sp-3-300 or a Shimadzu FT-IR 8101 PC infrared spectrophotometer. The 1 H NMR and 13 C NMR spectra were measured on a JEOL-JNM-LA 400 MHz spectrometer using DMSO-d 6 as a solvent.
All chemical shifts were expressed on the δ (ppm) scale using TMS as an internal standard reference. The coupling constant (Ј) values are given in Hz. Mass spectra were measured on a GCMS-QP1000 EX spectrometer at 70 Ev. Analytical data were obtained from the Microanalysis Center at Cairo University, Giza, Egypt.
Ethyl (2-((((2λ
3 -ethynyl)-λ 7 -oxidanyl) carbonyl) carbamothioyl)hydrazine-1-carbonothioyl) carbamate (3) A mixture of ammonium thiocyanate (0.04 mol) in dry aceton(60 mL) was warmed till complete dissolving then ethyl chloroformate (0.04 mol) was added dropwise and stirring in flask for 1h, after that hydrazine hydrate (0.04 mol) was added drop wise and stirring for 1h. The reaction mixture was poured into H 2 O. The formed product was filtered off, dried and crystallized from ethanol (95%) to give compound 3 in 90% yield as pale yellow powder. 
H)-dicarboxylate (8)
A mixture of ammonium thiocyanate (0.005 mol) in dry aceton(50 mL) was warmed till complete dissolving then ethyl chloroformate (0.005 mol) was added drop wise and stirring in flask for1h, after that compound 3 (0.005 mol) was added and few drops of triethylamine, then refluxed for 2 hr. The reaction mixture was cooled and poured into HCl/H 2 O (1:10). The product was filtered off, washed with water and crystallized from ethanol to give compound 7 in 85% yields as yellow powder. 
Ethyl (5-phenyl-3-thioxo-2,3-dihydro-1H-1,2,4-triazole-1-carbonothioyl) carbamate (11)
A mixture of compound 3 (0.005 mol) and benzoyl chloride (0.005 mol) in ethanol absolute (50 mL) was heated under reflux for 6 h. The reaction mixture was cooled at room temperature and poured into water. The product was filtered off, washed with water and crystallized from methanol and DMF to give compound 11 in 75% yields as yellow powder. 
Diethyl (1,2-di(cyclohex-1-en-1-yl)hydrazine-1,2-dicarbonothioyl) dicarbamate (16)
A mixture of compound 3 (0.005 mol), cyclohexanone (0.005 mol) and few drops of triethylamine in ethanol absolute (50 mL) was heated under reflux for 4 h. The reaction mixture was cooled at room tempera-ture and poured into HCl/H 2 O (1:10). The product was filtered off, washed with water and crystallized from methanol and DMF to give compound 16 in 85% yields as pale brown powder. Diethyl 2,2'-(hydrazine-1,2-dicarbonothioyl)bis(2-carbamothioyl hydrazine-1-carboxylate) (19) Ammonium thiocyanate (0.005 mol) in acetic acid (50 mL) was warmed till complete dissolving then compound 3 was added and ref-luxed for 4 h. The reaction mixture was cooled at room temperature and poured into water. The product was filtered off, washed with water and crystallized from methanol to give compound 19 in 63% yields as white powder. , 38.50; H, 3.77; N, 14.97. Found: C, 38.47; H, 3.75 ; N, 14.96%.
Ethyl (4-acetyl-1-((ethoxycarbonyl)carbamothioyl)-5-methyl-1H-pyrazol-3-yl)carbamate (25)
A mixture of compound 3 (0.005 mol), acetyl acetone (0.005 mol) and few drops of triethylamine in ethanol absolute (50 mL) was heated under reflux for 6 h. The reaction mixture was cooled at room temper-ature and poured into HCl/H 2 O (1:10). The product was filtered off, washed with water and crystallized from methanol and DMF give compound 25 in 79% yields as yellow brown powder. , 45.61; H, 5.30; N, 16.36. Found: C, 45.58; H, 5.28; N, 16 .33 %. H, 6.13; N, 24.32. Found: C, 41.73; H, 6.11; N, 24 .30%. 5,5'-Diethoxy-[2,2'-bi(1,2,4-oxadiazolidine)]-3,3'-dithione (32) A mixture of compound 3 (0.005 mol) and iodine (30%, 5ml) in ethanol absolute (50 mL) was heated under reflux for 4 h. The reaction mixture was cooled at room temperature and poured into water. The pro-duct was filtered off, washed with water and crystallized from methanol and DMF give compound 32 in70% yields as brown powder. 5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl) propanoic acid (34) A mixture of compound 3 (0.005 mol), succinic acid (0.005 mol) and few drops of triethylamine in toluene (50 mL) was heated under reflux for 6 h. The reaction mixture was cooled at room temperature and poured into HCl/H 2 O (1:10). The product was filtered off, washed with water and crystallized from methanol to give compound 34 in 80% yields pale brown powder. 
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